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Abstract of JP1 0282482 

PROBLEM TO BE SOLVED: To improve 
display performance by reducing a leak current 
between electrodes by laminating an optically 
reflecting metal on an insulated resin layer with 
substantially the same shape as an electrode 
pattern so as to form an electrode. 
SOLUTION: Two opposed glass substrates 
10a and 10b are provided, stripe electrodes 
13a are provided on the side of the opposed 
substrate face of the substrate 10a through 
insulated layers 12 and an oriented film 14a is 
formed on these in addition. A stripe opposed 
electrode 13b is formed so as to be orthogonal 
with the pixel electrodes 13a on the side of the 
opposed substrate face of the substrate 10b 
and an oriented film 14b is formed on the 
electrode 13b in addition. The electrode on the 
side of the substrate 10a is formed of a 
reflecting conductive metal for improving a 
reflecting effect These pixel electrodes 13a 
are provided through the insulated layers with 
substantially the same shape as the electrode 
pattern. As the electrodes 13a are formed to 
be mutually separated including the insulated 
layers 12, the leak current between the 
electrodes is reduced. 
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[DOCUMENT] SPECIFICATION 

[TITLE OF THE INVENTION] REFLECTION-TYPE LIQUID CRYSTAL 
DISPLAY APPARATUS AND METHOD OF FABRICATING THE SAME 

[CLAIMS] 

[Claim 1] A reflection-type liquid crystal display 
apparatus comprising: 

a flat, smooth substrate; 

and 

reflective electrodes on the flat, smooth substrate, 
the reflective electrodes being formed by depositing a 
reflective metal on an insulating resin layer having 
substantially the same pattern as that of the reflective 
electrodes. 

[Claim 2] A reflection-type liquid crystal display 
apparatus comprising: 

a substrate; ,. . " 

TFTs formed on the substrate; 

and 

reflective electrodes on the substrate, 

the reflective electrodes being formed by depositing a 
reflective metal on an insulating resin layer having 
substantially the same pattern as that of the reflective 
electrodes. 

[Claim 3] The reflection-type liquid crystal display 
apparatus of claim 1 or 2, wherein the electrodes are formed 
by depositing a reflective metal on the insulating resin 
layer. having minute irregularities. 

[Claim 4] A method of fabricating a reflection-type 
liquid crystal display apparatus comprising a flat, smooth 
substrate, and reflective electrodes on the flat, smooth 
substrate, the method comprising the steps of: 

forming an insulating, photosensitive resin layer on 
the substrate; 

drying the photosensitive resin layer and thereafter 
exposing the dried photosensitive resin layer to light 
through a photomask having substantially the same pattern as 
that of the electrodes; 

subjecting the exposed photosensitive resin layer to a 
developing process and drying the developed photosensitive 
resin layer; 

depositing a thin film reflective metal layer on the 
insulating resin layer; and 

patterning the reflective metal layer in the electrode 
pattern. 

[Claim 5] A method of fabricating a reflection-type 
liquid crystal display apparatus comprising a substrate, TFTs 
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formed on the substrate, and reflective electrodes on the 
substrate, the method comprising the steps of: 

forming an insulating, photosensitive resin layer on 
the substrate; 

drying the photosensitive resin layer and thereafter 
exposing the dried " photosensitive resin layer to light 
through a photomask having substantially the same pattern as 
that of the electrodes and provided with a contact hole 
pattern for forming contact holes; 

subjecting the exposed photosensitive resin layer to a 
developing process and drying the developed photosensitive 
resin layer; 

depositing a thin film reflective metal layer on the 
insulating resin layer; and 

patterning the reflective metal layer in the electrode 
pattern . 

[Claim 6'] A method of fabricating a reflection-type 
liquid crystal, display apparatus comprising a flat, smooth 
substrate, and reflective electrodes on the flat, smooth 
substrate, the method comprising the steps of: 

forming an insulating, photosensitive resin layer on 
the substrate; 

drying the photosensitive resin layer and thereafter 
exposing the dried photosensitive resin layer to light 
through a light-transmitting material having minute 
irregularities; 

exposing the photosensitive resin layer to light 
through a photomask having substantially the same pattern as 
that of the electrodes; 

subjecting the exposed photosensitive resin layer to a 
developing process and drying the developed photosensitive 
resin layer; 

depositing a thin film reflective metal layer on the 
insulating resin layer having minute irregularities; and 

patterning the reflective metal layer in the electrode 
pattern. 

[Claim 7] A method of fabricating a reflection-type 
liquid crystal display apparatus comprising a substrate, TFTs 
formed on the substrate, reflective electrodes on the 
substrate, the method comprising the steps of: 

forming an insulating, photosensitive resin layer on 
the substrate; 

drying the photosensitive resin layer and thereafter 
exposing the dried photosensitive resin layer to light 
through a light-transmitting material having minute 
irregularities; 

exposing the photosensitive resin layer to light 
through a photomask having substantially the same pattern as 
that of the electrodes and provided with a contact hole 
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pattern for forming contact holes; 

subjecting the exposed photosensitive resin layer to a 
developing process and drying the developed photosensitive 
resin layer; 

depositing a thin film reflective metal layer on the 
insulating resin layer having minute irregularities; and 

patterning the reflective metal layer in the electrode 
pattern. 

[Claim 8] The method of fabricating a reflection-type 
liquid crystal display apparatus -of claim 6 or 7, wherein the 
light-transmitting material having minute irregularities is a 
ground glass plate. 

[DETAILED DESCRIPTION OF THE INVENTION] 
■ [0001] 

[Technical field to which the invention belongs] 

The present invention relates to a reflection-type 
liquid crystal display apparatus and a method of fabricating 
the same. More particularly, the present invention relates to 
a reflection-type liquid crystal display apparatus suitable 
for use as a display unit for OA apparatus including note- 
size lap top personal computers and word processors, video 
apparatus including pocketable television sets, and game 
machines, and a method of fabricating the same. 

[0002] 

[Prior art] 

The application of liquid crystal display apparatuses 
to pocketable liquid crystal television sets, lap top 
personal computers and word processors has rapidly developed 
in recent years. Particularly, reflection-type liquid crystal 
display apparatuses, which reflect incident external light to 
display images, are being watched with keen interest because 
reflection-type liquid crystal display apparatuses do not 
need any backlight unit, are capable of operating at a low 
power consumption rate and of being powered by batteries; and 
are thin and of lightweight. 

[0003] 

Generally known reflection-type liquid crystal display 
apparatuses are TN liquid crystal display apparatuses in 
which a liquid crystal is driven in a twisted nematic (TN) 
mode, and STN liquid crystal display apparatuses in which' a 
liquid crystal is driven in a super twisted nematic (STN) • 
mode. The TN liquid crystal display apparatus displays 
monochromatic images by using the optical properties of a 
liquid crystal display element, namely, an optically rotatory 
characteristic which is exhibited when no voltage is applied 
thereto and a polarization canceling characteristic which is 
exhibited when a voltage is applied thereto. Furthermore, an 
amorphous chiral nematic guest-host liquid crystal in which a 
dichromatic dye is added to a liquid crystal, and the 
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orientation of the liquid crystal is controlled by voltage to 
control the orientation of the dichromatic dye for displaying 
images is also known. A liquid crystal display apparatus 
employing such a liquid crystal does not need any polarizing 
plate, and has a high luminance and a wide viewing angle 
[0004] 

On the other hand, a color liquid crystal display has a 
liquid crystal display element provided with an R-, a G- and 
a B-filter therein, and displays multicolor or full-color 
images by utilizing an optical switching characteristic and 
by adding and mixing colors. Currently, TN reflection-type 
liquid crystal display apparatuses are employed in portable 
liquid crystal television sets, namely, pocketable liquid 
crystal television sets, driven in an active matrix driving 
mode or a passive matrix driving mode. 

[0005] 

FIG. 10 is a view showing a structure of a conventional 
monochromatic reflection-type liquid crystal display 
apparatus. In FIG. 10, a liquid crystal display apparatus 20 
has two glass substrates 20a and 20b disposed opposite to 
each other. On the opposing surface of the substrate 20a, . 
electrodes 23a in the pattern of stripes, which form pixels, 
are provided on an insulating layer 22, and an alignment film 
24a is formed on these elements. Counter electrodes 23b are 
formed on the opposing surface of the substrate 20b in the 
pattern of stripes so as to extend perpendicularly to the 
electrodes 23a, and an alignment film 24b is formed on the 
counter electrodes 23b. The counter electrodes 23b formed on 
the substrate 20b on a viewer side are transparent electrodes, 
and the electrodes 23a formed on the substrate 20a are formed 
of a reflective conductive metal to improve reflection effect. 
The electrodes of the substrates 20a and 20b are scanned in a 
passive matrix driving mode to display images on .the liquid 
crystal display apparatus. 

[0006] 

FIG. 11 is a view showing a structure of a conventional 
monochromatic reflection-type liquid crystal display 
apparatus using TFTs. In FIG. 11, a liquid crystal display 
apparatus 20 has two glass substrates 20a and 20b disposed 
opposite to each other. On the opposing surface of the 
substrate 20a, thin-film transistors (TFTs) 21 and electrodes 
23a arranged in a matrix form, which form pixels, are formed 
on an insulting layer 22, and an alignment film 24a is formed 
on these elements. A planar common electrode 23b is formed on 
the opposing surface of the substrate 20b, and an alignment 
film 24b is formed on the common electrode 23b. The common 
electrode 23b formed on the substrate 20b on a viewer side is 
formed of a transparent electrode, and the electrodes 23a on 
the substrate 20a are formed of a reflective conductive metal 
to improve reflection effect. 

[0007] 
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The electrode substrate 20a and the counter substrate 
20b are spaced a predetermined distance apart by a spacer, 
not shown, so as to form a space therebetween, and a liquid 
crystal layer 25, such as a guest-host liquid crystal, is 
filled in the space between alignment films, and the 
peripheral parts of both the glass substrates are sealed by a 
sealing member 26. The conventional reflection-type liquid 
crystal display element is provided on its back surface with 
a reflecting plate of a metal, such as an aluminum plate, 
having a surface finished by grinding to provide an 
appropriate light scattering property or a reflecting plate 
formed by depositing a metal, such as aluminum, by 
evaporation on a roughened -.surface of a base plate to provide 
the roughened surface with an appropriate light scattering 
property to secure a wide visual angle. Usually, the 
reflecting plate attached to the back surface of the element 
is often omitted if reflective electrodes are employed. FIGS. 
10 and 11 show the reflection-type liquid crystal display 
apparatuses in such a case. 

[0008] 

[Problems to be Solved by the Invention] 
In the foregoing conventional reflection-type liquid 
crystal display apparatus, when the electrode 23a is formed 
on the insulating layer 22, the insulating layer is formed 
over the entire surface of the glass substrate 20a. Therefore 
there is a problem that the image displaying performance is 
deteriorated due to current leakage between the pixel 
electrodes if the insulating layer has a low surface 
resistivity. Accordingly, the present invention is directed 
to a reflection-type liquid crystal display apparatus 
provided with electrodes formed on an insulating layer in 
which a shape of the insulating layer is formed in 
substantially the same pattern as that of the electrode and 
the insulating layer between the electrodes is removed, 
whereby suppressing current leakage between the electrodes to " 
improve the image displaying performance. In addition, since 
the surfaces of the electrodes 23a have mirror surfaces, 
there is a problem that matters on a viewer side are 
reflected in the reflection-type liquid crystal display 
apparatus in a specular reflection mode and thereby image 
visibility is deteriorated. The present invention can solve 
such a specular reflection problem. 
[0009] 

[Means of solving the problem] 

According to a first aspect of the present invention 
for solving the above-mentioned problem, a reflection-type 
liquid crystal display apparatus comprises a flat, smooth 
substrate, and reflective electrodes on the flat, smooth 
substrate, the reflective electrodes being formed by 
depositing a reflective metal on an insulating resin layer 
having substantially the same pattern as that of the 
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reflective electrodes. In such a liquid crystal display 
apparatus, no deterioration of display due to current leakage 
is caused. 

[0010] 

•According to a second aspect of the present invention 
for solving the above-mentioned problem, a reflection-type 
liquid crystal display apparatus comprises a substrate, TFTs 
formed on the substrate, and reflective electrodes on the 
substrate, the reflective electrodes being formed by 
depositing a reflective metal on an insulating resin layer 
having substantially the same pattern as that of the 
reflective electrodes. In such a liquid- crystal ""display ■ 
apparatus, no deterioration of display due to current leakage 
is caused. 

[0011] 

According to a third aspect of the present invention 
for solving the above-mentioned problem, a method of 
fabricating a reflection-type liquid crystal display 
apparatus comprising a flat, smooth substrate, and reflective 
electrodes on the flat, smooth substrate, the method 
comprises the steps of forming an insulating, photosensitive 
resin layer on the substrate, drying the photosensitive resin 
layer and thereafter exposing the dried photosensitive resin 
layer to light through a photomask having substantially the 
same pattern as that of the electrodes, subjecting the 
exposed photosensitive resin layer to a developing process 
and drying the developed photosensitive resin layer, 
depositing a thin film reflective metal layer on the 
insulating resin layer, and patterning the reflective metal 
layer in the electrode pattern. In such a method of 
fabricating a liquid crystal display apparatus, it is 
possible to easily fabricate a liquid crystal display 
apparatus which causes no deterioration of display due to 
current leakage. 

[0012] 

According to a fourth aspect of the present invention 
for solving the above-mentioned problem, a method of 
fabricating a reflection-type liquid crystal display 
apparatus comprising a substrate, TFTs formed on the 
substrate, and reflective electrodes on the substrate, the 
method comprises the steps of forming an insulating, 
photosensitive resin layer on the substrate, drying' the 
photosensitive resin layer and thereafter exposing the dried 
photosensitive resin layer to light through a photomask 
having substantially the same pattern as that of the 
electrodes and provided with a contact hole pattern for 
forming contact holes, subjecting the exposed photosensitive 
resin layer to a developing process and drying the developed 
photosensitive resin layer, depositing a thin film reflective 
metal layer on the insulating resin layer, and patterning the 
reflective metal layer in the electrode pattern. In such a 
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method of fabricating a liquid crystal display apparatus, it 
is possible to easily fabricate a liquid crystal display' 
apparatus which causes no deterioration of display due to 
current leakage. 
[0013] 

According to a fifth aspect of the present invention 
for solving the above-mentioned problem, a method of 
fabricating a reflection-type liquid crystal display 
apparatus comprising a flat, smooth substrate, and reflective 
electrodes on the flat, smooth substrate, the method 
comprises the steps of forming an insulating, photosensitive 
resin layer on the substrate, drying the photosensitive resin 
layer and thereafter exposing the dried photosensitive resin 
layer to light through a light-transmitting material having 
minute irregularities, exposing the photosensitive resin 
layer to light through a photomask having substantially the 
same pattern as that of the electrodes, subjecting the 
exposed photosensitive resin layer to a developing process 
and drying the developed photosensitive resin layer, 
depositing a thin film reflective metal layer on the 
insulating resin layer having minute irregularities, and 
patterning the reflective metal layer in the electrode 
pattern. In such a method of fabricating a liquid crystal 
display apparatus, it is possible to easily fabricate a 
liquid crystal display apparatus which causes no 
deterioration of display due to current leakage and has hiqh 
visibility. 

[0014] 

According to a sixth aspect of the present invention 
for solving the above-mentioned problem, a method ■ of . 
fabricating a reflection-type liquid crystal display 
apparatus comprising a substrate, TFTs formed on the 
substrate, reflective electrodes on the substrate, the method 
comprises the steps of forming an insulating, photosensitive 
resin layer on the substrate, drying the photosensitive resin 
layer. and thereafter exposing the dried photosensitive resin 
layer to light through a' light-transmitting material having 
minute irregularities, exposing the photosensitive resin 
layer to light through a photomask having substantially the 
same pattern as that of the electrodes and provided with a 
contact hole pattern for forming contact holes, subjecting 
the exposed photosensitive resin layer to a developing 
process and drying the developed photosensitive resin layer, 
depositing a thin film reflective metal layer on the 
insulating resin layer having minute irregularities, and 
patterning the reflective metal layer in the electrode 
pattern. In such a method of fabricating a liquid crystal 
display apparatus, it is possible to easily fabricate a 
liquid crystal display apparatus which causes no 
deterioration of display due to current leakage and has high 
visibility. 
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[0015] 

[Embodiment of the invention] 

In a reflection-type liquid crystal display apparatus 
according to first and second embodiments of the present 
invention, electrodes on a side opposite to a viewer side are 
formed of a conductive, reflective metal material, in 
particular, a thin film layer of the metal material is formed 
on an insulating resin material disposed between a substrate 
and etched in substantially the same pattern as that of the 
electrodes. Consequently, the electrodes are disposed apart 
from each other. Therefore, there is an advantage that 
current leakage is suppressed and a stable image is obtained 
In addition, m reflection-type liquid crystal display 
apparatus according to third and fourth embodiments of the 
present invention, the insulating resin materials are formed 
apart from each other as the first and second embodiments, 
and a thin film electrode layer is formed on the insulating 
resin material provided with minute irregularities. Therefore 
the electrode metal material layer has a shape precisely 
conforming to the irregular surface of the insulating resin 
material. Consequently, in addition to the above advantage 
there is an advantage that incident light from the viewer ' 
side is reflected irregularly, so that the reflection of 
external matters in the reflection-type liquid crystal 
display apparatus is suppressed. Reflection-type liquid 
crystal display apparatuses embodying the present invention 
and method of fabricating those liquid crystal display 
apparatuses will be described hereafter with reference to the 
accompanying drawings. 
[0016] 

FIG. 1 is a view showing a reflection-type liquid 
crystal display apparatus according to the first embodiment ■ 
of the present invention. In FIG. 1, a reflection-type liquid 
crystal display apparatus 10 comprises two glass substrates 
10a and 10b disposed opposite to each other, electrodes 
formed in the pattern of stripes 13a are disposed on the 
opposing surface of the substrate 10a through an insulating 
layer 12, and an alignment film 14 a is formed on these 
elements. Counter electrodes 13b are formed on the the 
counter substrate side surface of the substrate 10b in the 
pattern of stripes perpendicular to the pixel electrodes 13a 
and an alignment film 14b is formed on the counter electrodes 
13b. The electrodes 13b on the viewer side substrate 10b are 
transparent electrodes. The pixel electrodes 13a on the 
substrate 10a are formed of a reflective conductive metal to 
improve reflection effect. Although dependent on the size of 
the panel and the number of pixels, the pitch of those 
electrodes usually is on the order of 200 urn 

[0017] 

The reflection-type liquid crystal display apparatus 
according to the present invention is featured by disposing 
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the electrode 13a through the insulating layer 12 havina 
substantially the same pattern as that of the electrodes. The 
above-mentioned language "substantially the same" means that 
the insulating layer is formed in the same pattern as that of 
the electrode so as to prevent isolated portions of the 
insulating layer from coming into contact with each other 
and some variants of the width with respect to the electrode 
pattern are acceptable. Consequently, since the electrodes 
13a are formed so as to be isolated by the insulating layer 

CU [?018] b6tWeen eleCtrodes can be suppressed. 

FIG. 2 is a view showing a reflection-type liquid 
crystal display apparatus according to the second embodiment 
of the present invention. In FIG. 2, a reflection-type liquid 

loTand" ?OH P i ay aP T atUS 10 comprises two glass substrates 
10a and 10b disposed opposite to each other, electrodes are 

™!l 0 ?? V" the ° Pposin 9 surface of the substrate 10a through 
TFTs 11 ^ for applying a voltage to a liquid crystal and an 
. insulating layer 12, and an alignment film 14 a is formed on 
these elements. A flat common electrode 13b is formed on the 
opposing surface of the substrate 10b, and an alignment film 
14b is formed on the common electrodes 13b. The common 
electrode 13b on the viewer side substrate 10b is formed of a 
transparent material. The electrodes 13a on the substrate 10a 
are formed of a reflective conductive metal to improve 

ltl *T° n 8ffe ?' ThS reflecti °n-type liquid crystal display 
apparatus according to the second embodiment is also featured 
by disposing the electrode 13a through the insulating layer 
12 having substantially the same pattern as that of the 
electrodes. Consequently, since the electrode 13a are formed 
so as to be isolated by the insulating layer 12, current 
leakage^between the electrodes can be suppressed. 

FIG. 3 is a view showing a reflection-type liquid 
crystal display apparatus according to the third embodiment 
of the present invention. FIG. 4 is a view showing a . 
ttt lectlo "- t yP e ii^id crystal display apparatus according to 
the fourth embodiment of the present invention. In the 
reflection-type liquid crystal display apparatuses of the 
present invention, the surfaces of the electrodes 13a may be 
formed with minute irregularities. That is, the third 
embodiment of the present invention corresponds to an 
embodiment in which the surfaces of the electrodes in the 
first embodiment are provided with the minute irregularities 
whereas the fourth embodiment of the present invention 
corresponds to an embodiment in which the surfaces of the 
electrodes in the second embodiment are provided with the 
minute irregularities. In the case of forming the surfaces of 
the electrodes with the minute irregularities it is 
necessary to form the minute irregularities on the surface of 
the insulating layer underlying the electrodes and dispose 
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t^on? 31 ° n thS SUrfaCe P rovid ed with the minute 

irregularities Since the electrodes 13a are formed in a thin 
film by sputtering or the like in a small thickness of 1 um 
or below, the shape of the surfaces of the electrodes 
conforms to the minute irregular surface of the insulatinq 
J. 3. y 6 jt . 

[0020] 

The above-mentioned language "minute irregularities" 
means that irregularities capable of preventing the 
deterioration of the visibility of images displayed on the 
liquid crystal display apparatus by the specular reflection 
of external matters in the liquid crystal^isplay apparatus 
However, since the irregularities are dependent on ?he 
thickness of a liquid crystal layer 15, the thickness of the 
insulating layer, the width of the electrodes 13a and the 
like, the magnitudes of the irregularities cannot be 
P?vi^?^ y dSt ^ mined - Usuall y' the thickness of the liquid 

to 2 i?^ i • 1S -i° m ° r b6lOW ' 3nd is in the of 1 

to 2 um if the liquid crystal layer 15 is formed of a 

ferroelectric liquid crystal. Since the thickness of the 

luTll J IT* 12 15 ° n thS ° rder of several micrometers, 
the height between ridges and valleys of the irregularities 
of the insulating layer is 10 um at the maximum to the 
wavelengths (400 to 750 nm) of visible radiations at the 
minimum. c 

[0021] 

The insulating layer 12 insulates the pixel electrodes 
"! er f ^ e * ch ^her and there is no particular restriction on 
Sesirable tLt 9 ^ ±nSUlatin 9 la ^ However, it is 

n p J f S1 ? Ple Pr ° CeSS Can be mailable, because a 

pattern of the insulating layer must be formed. Usually a 

nrni T ^ otos f nsiti ^ resin which exhibits an insulating 
property when dried is used as a suitable material. If 
ltnl ern f ° rmation of the insulating layer is performed by 
mechanical means, such as sandblasting, the insulating layer 
need not be formed of a photosensitive material, -buJ may be 
formed of an ordinary insulating material, such as a 

Tol^Z i " material or / ilic °» dioxide. The glass substrates 
10a and 10b are spaced a predetermined distance apart by a 
TrZ"' 3 k ali ^id crystal layer 15 is filled in a space 
between the alignment films, and peripheral parts of both 

9 [OoS^ 63 SealSd ^ 9 Sealing mem ^r 16. 

rpfl _! IG - I iS aview show ing a contact hole portion of the 
reflection-type liquid crystal display apparatus according to 
FTC k ° Urth embodimen ts of the present invention, 

tic. 7(A) shows a sectional view thereof and FIG. 7(B) shows 
a plan view thereof That is, a section taken on line A -A in 

embod^ V S Sh ° W V n FIG " 7 < A >- m FIG. 7(A), the fourth 
embodiment in which the electrodes 13a are formed with the 
minute irregularities is shown, whereas in the second 

10 
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embodiment, the electrodes 13a are formed in a flat shape 

40 i°n vrr ^ leCtr ° des 13a is isolated by isolated portions 
40. In FIG. 7, each of the TFTs 11 formed on the substrate 
10a is constituted of an insulating layer 112 of silicon 
nitride (SiN x ) , a semiconductor layer 113 of amorphous silicon 
(a Si), a gate electrode 111 and a source electrode 116 which 
are connected to these elements, and further a drain 
electrode 115 connected to the display electrode 13a is also 
formed. Usually, the gate electrodes 111 and the source 
electrode 116 are formed perpendicularly to each other so as 
to form a matrix on the substrate. In the reflection-type 
liquid crystal display apparatus according to the second and 
fourth embodiments of the present invention, in order to 
connect the electrodes 13a and the drain electrodes 115 it 
is necessary to form contact holes 30 to the TFTs in the 
insulating layer 12 in addition to the isolated portions 40 
of the insulating layer 12. 
[0023] 

_ FIG. 8 is a perspective view showing a contact hole 
portion of the reflection-type liquid crystal display 
apparatus according to the second and fourth embodiments of 
the present invention. FIG. 8 explicitly shows a state where 
the electrode 13a is connected through the contact hole 30 
formed in the insulating layer 12 to the drain electrode 115 
in the fourth embodiment in which the electrode 13a has a 
surface of a shape conforming to the minute irregularities 
formed m the insulating layer 12, incident light rays I are 
reflected irregularly. Preferably, as the liquid crystal 
layer 15, a guest-host liquid crystal or a polymer dispersion 
liquid crystal (PDLC) is used. 
[0024] 

FIG. 5 -is a view explaining steps of fabricating the 
reflection-type liquid crystal display apparatus according to 
the first and third embodiments of the present invention 
Since the electrodes have finished surface provided with the 
minute irregularities as shown in FIG . 5(G), FIG. 5 exactly 
shows the steps of fabricating the display apparatus 
according to the third embodiment. However, the steps of 
Jh! r ^ at i ng ^ h ^. lic 3 uid "ystal display apparatus according to 
the third embodiment is similar to those of fabricating the 
liquid crystal display apparatus according to the fifth 
embodiment only except that the former has no step 
corresponding to that shown in FIG. 5(C). Therefore it is 
possible to explain the fabrication steps in both embodiments 
referring to FIG. 5. At first, as shown in FIG. 5(A) the 
substrate 10a which is to be a reflective electrode substrate 
is prepared. The substrate may be formed of a material in 
which the entire substrate has a reflective property The 
substrate must be formed of a transparent material if a 
reflecting material is to be formed on the opposing surface 
to a viewer side. Generally, a flat, smooth glass material is 
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rtttJ ,1 e ! T ! bodlment of the present invention is 
characterized by disposing the insulating layer of a resin ■ 
matenal having a surface provided with the minute 
irregularities on the substrate and forming the reflective 
form n ^ there0n ". There ™ -me Possible methods of 
Jo^mina t*t ^ rre ^larities - One of the methods of 

forming the minute irregularities comprises the steps of 
forming a positive photosensitive resin layer on a substrate 
prebaking and drying the positive photosensitive resin layer', 
closely superposing a flat transparent material provided with 
minute irregularities on the photosensitive resiS layer 
exposing the photosensitive resin layer to light through the 
flat transparent material to produce minute irregularities on 

materLTh enSltiVe reS±n la * er ' As the fla * transparent 
material having a surface provided with the minute 

irregularities, a ground glass or a mat-finished plastic 
sheet may be used. 
[0025] 

FIG. 5(B) shows a state where the positive 

anf??G nS 5^r ^ 12 iS aPPlied ° nt ° the substrate, 

and FIG. 5(C) shows a step of exposing the photosensitive 

resin layer 12 to light emitted by a light source 19 trough 

a flat transparent material 18 provided with minute 

irregularities. In this exposure, the minute irregularities 

of the transparent material are not necessarily formed in 

exactly similar form in the photosensitive resin materia? 

However, it is considered that ridges among the minute^ 

irregularities of the transparent material concentrate light 

rays and hence a solubilization of portions of the 

?hTminnti tiVe ■ corres P on ding to the ridges among 

the minute irregularities is prompt, so that the minute 
irregularities are formed on the photosensitive resin layer 
in a shape substantially complementary to the minute 
irregularities of the transparent material. This step of 
forming the minute irregularities in the insulating layer 
shown m FIG. 5(C) is omitted from the method of fabricating 
-^quid crystal display apparatus in the third embodiment 
and hence the electrodes of the liquid crystal display 
apparatus^in the first embodiment has flat surfaces. 

nf K AS the P°sitive photosensitive resin material capable 
of being used for such a purpose, a mixture of cresol novolac 
resin soluble in an alkaline solution and naphthoquinone 
^ -;-° r i? hotosensitive acrylic resin is usually used. More 
specirically, there is, for example, OFPR-800 OFPR-5f)fln 
OFPR-8600, TSMR-8800 and TSMR-CRB commercially available ' from 
[° 9 K f °iy° K - K " 0f Japan, and Optmer-PC302 commercial!^ 
?0027] r ° m Synthetic Rubber Co., Ltd. Of Japan. 

laver ^ ^ ' 5 (D) ' th<5 ex P° sur e to the insulating 

layer 12 for forming the same pattern as the electrode 
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pattern is performed through a photomask 17. Although this 
pattern may be exactly identical with the electrode pattern, 
the area of each of portions of the thus patterned insulating 
layer 12 may be either equal to or slightly larger than that 
of the electrodes. It is obvious that portions of the 
insulating layer corresponding to marginal parts, i e 
peripheral parts around a display part of the liquid crystal 
display apparatus, and portions of the insulating layer 12 
not having any connection with the shape of the electrodes 
need not have the same shape as the electrode pattern. After 
the exposure process, when dissolvable portions of the resin 
layer- corresponding to the photomask pattern 17t for forming 
the isolated portions of the insulating layer is subjected to 
a developing process, the dissolvable portions of the 
insulating layer is dissolved and removed, so that the 
isolated portions 40 of the insulating layer and the minute 
irregularities 12m can remain on the surface of the 
photosensitive resin layer (FIG. 5(E)). In addition, it is 
obvious that the electrodes of the liquid crystal display 
apparatus in the first embodiment has flat surfaces because 
the method of fabricating the same does not include any step 
corresponding to that shown in FIG. 5(C). This also applies 
to the subsequent steps. 
[0028] 

Subsequently, a conductive metal material is disposed 
on the surface provided with the minute irregularities 12m to 
form the electrode 13a (FIG. 5(F)). Usually, a metal aluminum 
thin layer is formed by using sputtering or the like The 
aluminum thin layer is formed in a thin film having a 
thickness such that the minute irregularities of the 
insulating layer are maintained (usually, 1 urn or below) 
Therefore, the shape of the surfaces of the electrodes almost 
conforms to the minute irregular surface of the insulating 
layer. After forming the electrode layer, in order to form a 
matrix circuit with the counter electrode, the conductive 
metal thin layer is patterned by removing the metal aluminum 
layer between the electrodes by means of an ordinary 
photoetching process to form the electrodes in a 
predetermined shape of stripes (FIG. 5(G)). Accordingly, In 
tlG. 5(G), the electrodes 13a extend in the shape of stripes 
perpendicularly to the sheet of paper 

[0029] 

The alignment films are formed respectively on both of 
the reflective electrode substrate and the counter substrate 
the substrates are combined together and sealed around the ' 
periphery thereof, and a PDLC or a guest-host liquid crystal 
is filled in a space between the substrates to complete the 
reflection-type liquid crystal display apparatus (FIGS. 1 and 

3 } . 

[0030] 

FIG. 6 is a view explaining steps of fabricating the 
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reflection-type liquid crystal display apparatus according to 
the second and fourth embodiments of the present invention 
Since the electrodes have finished surface provided with the 
minute irregularities as shown in FIG . 6(G), FIG 6 exactly 
shows the steps of fabricating the display apparatus 
according to the fourth third embodiment, as FIG 5 at f i r*t 
as shown in FIG. 6(A), the substrate 10a which is to be a 
reflective electrode substrate is prepared. The substrate 10a 
of the second and fourth embodiments, differing from the 

thT?F?J ^\n irSt u embodimen ts, is provided with 

the TFTs 11 thereon. The substrate may be formed of a 
material in which the entire substrate has a reflective 
property. The substrate must be formed of a transparent 
material if a reflecting material is to be formed on the 

aK^n? r rfaCS ^ 9 Vi6Wer SidS - Gener *lly, a flat, smooth 
glass plate is used. In the fourth embodiment of the present 
invention, similarly to those of the second embodiment, the 
insulating material layer having the minute irregularities is 
formed on the substrate and the reflective electrodes are 
formed thereon. 
[0031] 

FIG. 6(B) shows a state where the positive 

and^^r T Sin laySr 12 13 appli6d ° nto the substrate, 
and FIG. 6(C) shows a step of exposing the photosensitive 
resin layer 12 to light emitted by a light source 19 through 
a flat transparent material 18 provided with minute 
irregularities. The step shown in FIG. 6(C) is omitted in the 
display apparatus according to the second embodiment of the 
present invention. Subsequently, an exposure is performed by 
using^a photomask 17 having a pattern 17t and a pattern 17c 
^ f* t0 f °f m isolated Potions 40 of the insulating layer 

%n I Surfaces of the electrodes 13a and form contact 
holes 30 for connection to the TFTs 11 (FIG. 6(D)). After the 
exposure steps (only the latter for the second embodiment), 
the thus exposed positive photosensitive resin layer is 
subjected to a developing step. Consequently, portions of the 
positive photosensitive resin layer exposed to light and 
dissolvable in a developer are removed. Therefore, it is 
possible to form the insulating layer in which the minute 
irregularities 12m remains on the surface of the 
photosensitive resin layer and which has the isolated 

POr ^ 0n L!° ° f thS insulatin 9 layer and the contact holes 30 
in the TFT portion (FIG. 6(E)). m addition, the positive ' 
photosensitive resin may be exposed to light by two exposure 

tl S lu X ' e " 311 ex P° sure ste P employing a photomask provided 
with the pattern 17t, and an exposure step employing the 
photomask provided with the contact hole pattern 17c. Either 
the exposure step employing the photomask provided with the 

n^ e JV 7t .u r exposure ste P employing the photomask 

provided with the contact hole pattern 17c may be executed 

l- 1 2T S t • 
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[0032] 

on . . Subs ^ uentl y' . a conductive metal material is disposed 
on the surface provided with the minute irregularities 12m to 
form the electrode 13a (FIG. 6(F)). Usually " a metal al um inum 
thin layer is formed by using sputtering or the like. The 
metal aluminum layer is formed in a thin film having a 
thickness such that the minute irregularities of the 

TherPfnr^ maintained (usually, 1 um or be low) . 

Therefore, the shape of the surfaces of the electrodes almost 

r a Te7 m \n\^ minUte - L "**»lar -rface of the insulating 
layer In addition, since the metal aluminum layer is also 
formed in the contact holes, the drain electrode of the TFT 
and the electrode 13a are connected to each other. After 
forming the electrode layer, in order to form a matrix 

metaT^hTn^ t0 the C ° Unter elec trode, the conductive 

metal thin layer is patterned by removing the metal aluminum 
layer between the electrodes by means of an ordinary 
photoetchmg process to form the electrodes in a 
predetermined shape of matrix (FIG 6(G)) 
[0033] 

The alignment films are formed respectively on both of 
the reflective electrode substrate and the counter substrate 
the substrates are combined together and sealed around the ' 
periphery thereof, and a PDLC or a guest-host liquid crystal 
is filled in a space between the substrates to complete the 
reflection-type liquid crystal display apparatus (FIGS. 2 and 

[0034] 

[Working example] 
(EXAMPLE 1) 

panel) (PaSSiVS matriX "flection-type liquid crystal display 
<Reflective electrode substrate> 

^ P °^ itive Photosensitive overcoating (Optomer PC302 
available from Japan Synthetic Rubber Co., Ltd.) was spread 
by a spin coating method (Rotational speed: 1500 rpm) on a 
flat glass substrate (Glass 7059 available from Corning Inc ) 
in a positive photosensitive film of about 1.5 pn, in 
thickness for forming an insulating layer 12 (FIG. 5(B)) 
Then, the glass substrate was heated at 80 *c for 60 seconds 
on a hot plate for prebaking. seconds 

[0035] 

f W i^h A ? h °^° m f k Prided with a pattern of upper electrodes 
(Width of electrodes: 190 um, Pitch of electrodes: 200 um, 
Intervals between electrodes: 10 um) was put on the positive 
photosensitive film in close contact with the positive 
Photosensitive film, and then the positive photosensitive 
film was exposed to light emitted by an extra-high pressure 
mercury lamp (Power: 15 mW/cm 2 , Wavelength: 405 nm) for 15 
seconds (FIG. 5(D)). Subsequently, the exposed positive 
photosensitive film was immersed in a developing solution 
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prepared by diluting PD523AD, a developer available from 
Japan Synthetic Rubber Co., Ltd., 11.9 times for 90 seconds 
for development (FIG. 5(E)). The entire surface of the thus 
developed positive photosensitive film was exposed to light 
emitted by an extra-high pressure mercury lamp (Power- 15 
mW/cm , Wavelength: 405 nm) for 30 seconds, and then the 
positive photosensitive film was heated at 220 °C for 60 
minutes in. an oven for postbaking. Since the liquid crystal 
display apparatus in Example 1 is a trial piece of the liquid 
crystal display apparatus in the first embodiment, the 
process shown in FIG. 5(C) was omitted. 
[0036] 

In order to form an electrode layer having reflective 
function on an insulating layer, a 0.2 urn thick aluminum 
layer was deposited by a. sputtering process over the 
insulating layer 12 (FIG. 5(F)). The aluminum thin layer was 
exposed to light after photomask alignment was patterned by 
an ordinary patterning process using a photomask to form 
stripe-shaped electrodes so as to set 190 urn wide electrodes 
at intervals of 10 urn (FIG. 5(G)). 

[0037] 

<Counter substrate> 

A 0.15 urn thick ITO film was deposited over a surface 
of a transparent glass substrate (Glass 7059 available from 
Coring Inc.) by a sputtering process to be formed in a stripe 
shape orthogonal to the electrodes of the electrode substrate 
to complete a counter substrate in which a transparent 
electrode pattern is formed. 

[00038] 

<Assembly of liquid crystal display panel> 
Alignment films were formed on both of the reflective 
electrode substrate and the counter substrate, the both 
substrates were sealed therebetween, and a guest-host liquid 
crystal containing 1.25% dichromatic dye was filled in the 
space between the substrates to complete a liquid crystal 
panel. When the reflection-type liquid crystal panel was 
driven, the liquid crystal was not disturbed by leakage 
current, and the liquid crystal panel lighted in white and 
displayed images in satisfactory visibility 
[0039] 

(Comparative Example 1) 

A sample of Comparative Example 1 was - fabricated by 
processes similar to that of fabricating the reflection-type 
liquid crystal display panel in Example 1. The reflection- 
type liquid crystal display panel in Comparative Example 1 
was provided with a planarly continuous insulating layer 
without the patterning step, an aluminum thin film of a 
thickness equal to that of the aluminum thin film of Example 
1 was formed on the insulating layer, the aluminum thin film 
was patterned in stripe-shaped electrodes having a width 
equal to that of the electrodes of the Example 1 and arranged 
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at a patch equal to that of the electrodes of Example 1 
Other conditions for fabricating the liquid crystal display 
panel m Comparative Example 1 were the same as those for 
fabricating the liquid crystal display panel in Example 1. 
The result is that a large leakage current flowed in the 
insulating layer, and the visibility of images displayed 
thereon was inferior to that of images displayed on the 
reflection-type liquid crystal display panel in Example 1. 

(EXAMPLE 2) 

(TFT reflection-type liquid crystal ■ display panel) 
<Reflective electrode substrate> 

As a substrate, a substrate in which TFTs matrix was 
formed on a glass (Glass 7059 available from Corning Inc ) 
was used (FIG. 6(A)), and similar to the Example la 
positive photosensitive overcoating • (Optomer PC302 available 
from Japan Synthetic Rubber Co., Ltd.). was spread by a spin 
coating method (Rotational speed: 1500 rpm) on the glass 
substrate to form a film of about 1.5 urn in thickness for 
forming an insulating layer 12 (FIG. 6(B)). Then the 
substrate was heated at 80 'C for 60 seconds on a' hot plate 
for prebakmg. A ground glass plate 18 (Ground Glass #1500 
available from Koei Kagaku K.K.) was put on the positive 
photosensitive film in close contact with the positive 
photosensitive film on the side of the insulating layer, and 
then the positive photosensitive film was exposed to light 
emitted by an extra-high pressure mercury lamp 19 (Power- 15 
mW/cm , Wavelength: 405 nm) for 3 seconds (FIG 6(C)) 

[0041] " ' 

Subsequently, a photomask 17 provided with a contact 
hole pattern 17c for forming contact holes and a pattern 17t 
for dividing the positive photosensitive film (Width of 
electrodes: 190 urn, Pitch of electrodes: 200 urn, Intervals 
between electrodes: 10 urn) was superposed on the positive 
photosensitive film and the positive photosensitive film was 
exposed to light emitted by an extra-high pressure mercury 
lamp (Power: 15 mW/cm 2 , Wavelength: 405 nm) for 15 seconds 
through the photomask 17 (FIG. 6(D)). This is for connecting 
the drain electrodes of the TFTs to the reflective electrode 
layer formed on the positive photosensitive film and to form 
isolated portions of an insulating layer. Then the exposed 
positive photosensitive film was immersed in a developing 
solution prepared by diluting PD523AD, a developer available 
from Japan Synthetic Rubber Co.,. Ltd., 11.9 times for 90 
seconds for development (FIG. 6(E)). Then, the entire surface 
of the positive photosensitive film was exposed to light 
emitted by an extra-high pressure mercury lamp (Power- 15 
mW/cm , Wavelength: 4 05 nm) for 30 seconds, and then the 
positive photosensitive film was heated in an oven at 220 *C 
for 60 minutes for postbaking. Minute irregularities 
substantially complementary to those of the ground glass 
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plate were formed in the surface of the insulating layer In 
order to form an electrode layer having reflective function 
on an insulating layer, a 0.2 urn thick aluminum layer was 
deposited by a sputtering process over the insulating layer 
(FIG. 6(F)). The aluminum layer was patterned by an ordinary 
patterning process to form the electrode layer pattern (FIG 
6(G)). 

[0042] 

FIG. 9 is a graph showing a result of measuring surface 
roughness of the ground glass plate used for forming the 
minute irregularities, by a stylus-type prof ilometer . When 
the minute irregularities in the surface of the ground glass 
plate are measured in a range of 500 um by means of the 
stylus-type prof ilometer (Dektak 16000 available from Dektak 
Inc.), irregularities shown in a graph of FIG. 9 were 
obtained. The arithmetical average Ra of the surface 
roughness of the ground glass plate was 3192 A (about 0 3 um) 
and the maximum height Rmax (a distance between the maximum 

? f rid 9 es and the maximum depth of valleys) was about 
22,000 A (about 2.2 um) . In FIG. 9, indicated at R is a 
Position (106.38 um from the start of the measurement) where 
the sampling of measured data for calculation is started and 
at M is a position (425.53 um from the start of the 
measurement) where the sampling of measured data for 
calculation was ended. 

[0043] 

<Counter substrate> 

A 0.15 um thick ITO film was deposited over a surface 
of a transparent glass substrate (Glass 7059 available from 
Coring Inc.) by a sputtering process to form a transparent 
electrode on the entire surface to complete a counter 
substrate. 

[0044] 

<Assembly of liquid crystal display panel> 

Alignment films were formed on both of the reflective 
electrode substrate and the counter substrate, the both 
substrates were sealed therebetween, and a guest-host liquid 
crystal containing 1.25% dichromatic dye was filled in the 
space between the substrates to complete a liquid crystal 
panel. When the reflection-type liquid crystal panel was 
driven, the liquid crystal was not disturbed by leakage 
current, and the liquid crystal display panel lighted in 
white and displayed images in satisfactory visibilitv 

[0045] y ' 

(Comparative Example 2) 

A sample of Comparative Example 2 was fabricated by 
processes similar to that of fabricating the reflection-type 
liquid crystal display panel in Example 2. Although the 
insulating layer of the Comparative Example 2 having the same 
material and thickness as the insulating layer of the Example 
was formed on the substrate and minute irregularities was 
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also provided, the insulating layer was not divided into 
isolated portions The reflection-type liquid crystal display 
panel in Comparative Example 2 was the same in other respects 
as the reflection-type liquid crystal display panel in 
Example 2. The result is that a large leakage current flowed 
in the insulating layer, and the visibility of images 
displayed thereon was inferior to that of images displayed on 

^fooS] 1011 "^ 6 llqUid CrYStal dlSPlay Panel in ^le 2. 

[Effect of the invention] 

avvarztlTlf + l ^ ^ ref . lection -^ crystal display 

fnrZT ,t Pr6Sent invention < s ince the electrodes are 

formed on the insulating layers isolated from each other it 
is possible to obtain the liquid crystal display apparatus in 
which current leakage between the electrodes ^suppressed 
and has a stable image without image deterioration. Further 
according to the method of fabricating the reflection-type 
liquid crystal display apparatus, it is possible to easily 
fabricate such a display apparatus having excellent image 
visibility. ^ 

[BRIEF DESCRIPTION OF THE DRAWINGS] " 

[FIG. 1] A view showing a reflection-type liquid 
crystal display apparatus according to a first embodiment of 
the present invention. 

[FIG. 2] A view showing a reflection-type liquid 
crystal display apparatus according to a second embodiment of 
the present invention. 

[FIG. 3] A view showing a reflection-type liquid 
crystal display apparatus according to a third embodiment of 
the present invention. 

[FIG. 4] A view showing a reflection-type liquid 
crystal display apparatus, according to a fourth embodiment of 
the present invention. 

[FIG. 5] A view explaining steps of fabricating the 

Ihl ff T^f^T^ CryStal diSplay a PParatus according to 
the first and third embodiments of the present invention 

[FIG. 6] A view explaining steps of fabricating the 
reflection-type liquid crystal display apparatus according to 
the second and fourth embodiments of the present invention 

[FIG. 7] A view showing a contact hole portion of the 
reflection-type liquid crystal display . apparatus according to 
the second and fourth embodiments of the present invention. 

[FIG. 8] A perspective view showing the contact hole 
portion of the reflection-type liquid crystal display 
apparatus according to the second and fourth embodiments of 
the present invention. 

[FIG. 9] A graph showing a result of measuring surface 
roughness of the ground glass plate used for forming the 
minute irregularities, by a stylus-type prof ilometer . 

[FIG. 10] A view showing a conventional monochromatic 
reflection-type liquid crystal display apparatus 20. 
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rpfl J FIG \ 111 , A view showing a conventional monochromatic 
reflectaon-type l.quid crystal display apparatus 20 using 

[Explanation of Numerals] 

10a an ?nh° 9n , onu Li<3Uid cr ^ stal display apparatus 
10a, 10b, 20a and 20b Substrate 

11 and 21 TFTs 

12 Positive photosensitive resin layer 

or insulating layer 

,Z m ^ Minute irregularities 

l^a, 13b, 23a and 23b Electrodes 
14a, 14b, 24a and 24b Alignment film 
" and 25 Liquid crystal layer 

16 and 26 Sealing member 

}l Photomask 

Pattern for forming isolated 
portions 

Pattern for forming contact holes 
Planar light transmitting material 
having minute irregularities 
^ Light source 

Contact holes 



17c 

17t 
18 



30 
40 



112 
113 



Isolated portions 



111 " Gate electrode 



Insulating layer of SiN x 
Semiconductor layer of amorphous 
silicon 

115 Drain electrode 

116 Source electrode 
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[ABSTRACT] 

[PROBLEM] To provide a reflection-type liquid crystal display 
apparatus in which current leakage between electrodes is 
suppressed, and a method of fabricating the same. 
[SOLUTION] In a reflection-type liquid crystal display 
apparatus provided with electrodes having a reflection 
property on surfaces thereof, an insulating layer underlying 
an electrode layer- is formed in the same pattern as that of 
the electrodes and isolated portions of the insulating layer 
are isolated from each other. Consequently, it is possible to 
suppress current leakage between the electrodes. In addition 
minute irregularities are formed on a surface of the 
insulating layer at the same time in pattern formation of the 
insulating layer. Consequently, light of external matters is 
not reflected by the surfaces of the electrodes in a specular 
reflection mode, and it is also possible to improve image 
visibility from a viewer side. Such an insulating layer can 
be formed by forming a positive photosensitive material layer 
on a substrate, thereafter exposing the insulating layer to 
light in substantially the same pattern as that of the 
electrodes and etching the exposed insulating layer. 
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MEASUREMENT RESULT FOR GROUND GLASS PLATE 
MEASURED BY DEKTAK16000 (STYLUS-TYPE PROFILOMETER) 
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